Abstract. The nature of the Dark Matter is still open problem of modern theoretical and mathematical physics. Experimental data suggest that existence of Dark Matter is real physical existence and has significiant influence on the Universe physics. In this paper the Dark Matter problem is treated as purely geometric aspect. We show that this existence can be smoothly understand as the consequence of nonseparable nature of the Geometry-Matter Lagrangian. ‡ hospitably in Division
"Geometry + Matter" Lagrangian
The classical theory of gravitation -the Einstein-Hilbert theory is based on the separable-type lagrangian (see for example [1] , [2] ):
where
is the geometrical lagrangian, L M is the lagrangian of the matter fields, g = det g µν is the determinant of the metric tensor, κ = 8πG c 3 , R[g] is the Ricci scalar. The HilbertPalatini action principle [1] used for the action (1) produce the famous EinsteinHilbert field equations ( [3] , [4] ):
is the Einstein tensor. The field equations (3) describe a dynamics of geometry in presence of matter fields. The tensor T µν is the energy-momentum tensor of the matter fields [1] :
Nonseparable Geometry-Matter Lagrangian
In previous section the famous Einstein-Hilbert theory was considered. The lagranian in the action (1) has separable nature -the geometry and the matter are add on lagranian level. This approach create the field equations (3). In this section we will consider the case of nonseparable lagrangian of gravitation in presence of matter fields.
We assume that the action of gravitational field in presence of matter fields can be written in the general nonseparable form Proposition 1 (The Geometry-Matter Action) The Geometry-Matter action has a form
where g is the determinant of the metric tensor, R[g] is the Ricci scalar curvature and F[g] is a collection of matter fields.
By using of the Hilbert-Palatini action principle for the action (6)
the constraint equations is obtained
only. Using of the differentating rule for functions of many variables (see for example [5] , [6] ) give
where summing convention in matter fields collection is understood. Application in (8) and (9) of the relations
produce the field equations in the form
It is not difficult to observation that the field equations (13) can be transform by adding and subtracting of the term
From (4) it is clear that the brackets in the first term of (14) is the Einstein tensor. So, from this consideration we obtain the field equations for nonseparable GeometryMatter action (6) in the form which is formally equivalent to the Einstein-Hilbert field equations (3)
Proposition 2 (The Geometry-Matter equations) The field equations for the action (6) has a form
where the energy-momentum tensor of the matter T µν is defined by the relation
The quantityκ is equal tõ
For the Einstein-Hilbert theoryκ = κ is constant but generally this is a functional of matter and gravitational fields.
By thorough observation of the energy-momentum tensor (16) we conclude immediately that
Corollary 1 Introducing of the Geometry-Matter + Dark Matter lagrangian in the form
is treated as the lagrangian of the Dark Matter, leads to the energy-momentum tensor in the form
which is formal equivalent with the energy-momentum tensor of the General Relativity theory (5).
Reduced Dark Matter Lagrangian
We consider the full gravitational action with the Geometry-Matter + Dark Matter lagrangian (18)
Using the rule for differentation of product of functions we see that
By this the action (21) takes the form
or by using the relations (10), (11), (12)
Naturally we have a following conclusion Corollary 2 The correct Dark Matter lagrangian has the following form
and by this the correct expression for the Geometry-Matter + Dark Matter lagrangian in the action (6) is
Commentary: Dark Matter Existence
We saw that formal expression (20) for the energy-momentum tensor for the proposed form of correct gravitational action (6) is equivalent to the energy-momentum tensor of the Einstein-Hilbert General Theory of Relativity (5) with the coefficientκ which is a functional of gravitational and matter fields instead of κ which is constant in the Einstein-Hilbert theory. The interpreation of the tensor (20) is natural -this is the energy-momentum tensor of the system Geometry-Matter+Dark Matter. In this manner we introduced into classical General Theory of Relativity given by the Geometry-Matter fields equations (15) a concept of Dark Matter which in the theory with nonseparable lagrangian (6) has pure geometrical origin. By this if we accept the fields equations (15) as a correct field equations of gravitation in presence of matter fields than in the theory modificated in this way, notion of Dark Matter is natural existence.
